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Polyploidy in the cells of the hepatic parenchyma is known to be influenced by
changes in the endocrine state produced by hypophysectomy and growth hormone
administration (Di Stefano and Diermeier, 1956 ; Leuchtenberger, Helweg-Larsen
and Murmanis, 1954). We have confirmed the effects of both the former
(Geschwind, Alfert and Schooley, 1958) and the latter (see below) on liver poly-
ploidy, but have shown that although the hormonal environment may normally
play a role in the development of polyploidy, it is not indispensable to that devel-
opment (Geschwind, Alfert and Schooley, 1958).

In the course of experiments designed to investigate the hormonal factors nec-
essary to stimulate growth in the genetic dwarf mouse (Cole, Geschwind, and
Bern, unpublished experiments), it was found that highly purified bovine growth
hormone preparations were far less effective in stimulating body growth than were
the crude preparations used for this purpose by Fgnss-Bech (1947). Since con-
tamination of the crude preparations with the thyrotropic hormone was strongly
suspected, it was decided to investigate the effects of thyroxin (more readily avail-
able in pure form than is the thyrotropic hormone), alone and in combination with
growth hormone, on body growth and liver polyploidy. The results of the experi-
ments on liver polyploidy in these animals, together with the results of a similar
series of experiments in the hypophysectomized rat, are reported below.

MATERIALS AND METHODS

Male and female dwarf mice, 40 to 65 days of age, were apportioned into four
groups, one of which served as a control group. The animals in each of the other
groups were injected with either 50 micrograms twice weekly of dl-thyroxin (the
dose suggested by Nielsen, 1953), 25 micrograms daily of a bovine growth hormone
preparation or both hormones at the aforementioned dose levels. Injections were
continued for 21 days.? '

Male rats of the Long-Evans strain were hypophysectomized at 28 days of age.
One week later the animals were apportioned into four groups, one of which served
as a control group. The animals in each of the other groups were injected with
either 2 micrograms daily of I-thyroxin, 25 micrograms daily of the bovine growth
hormone preparation, or both hormones at these respective dose levels. Injections
were continued for 22 days.

t Supported by University of California Cancer Funds.

2 With technical assistance from Charles Jordan and Norma O. Goldstein.

3 We gratefully acknowledge gifts of materials from the following: Dr. C. H. Li for the
hormones and Beth Cole for the livers of the dwarf mice.

66



HORMONE EFFECTS ON LIVER POLYPLOIDY 67

All animals were sacrificed on the day after the last injection, and the hepatic
left lateral lobes were removed from the anesthetized animals, sliced freehand,
and fixed in acetic-alcohol. The procedure followed for the preparation of sec-
tions for counting and the actual counting procedures have been previously de-
scribed (Alfert and Geschwind, 1958). Approximately 1000 parenchymal cells
were scored in the sections obtained from each animal. The mean percentage
distributions of the various types of hepatic parenchymal cells in each of the
experimental groups in both series, along with the mean initial and terminal body
weights of the animals in each group are recorded in Tables I and II.

REesuLTs AND DiscussioNn

In the genetic dwarf mouse, the administration of either growth hormone or
thyroxin results in a decrease in the number of hepatic mononucleate diploid cells
and an increase in tetraploid and binucleate cells (Table I). Of the two hormones,
thyroxin, at the dose administered, appears to be more effective in producing these
changes. By far the greatest effect, however, was observed in those animals re-
ceiving the combined hormone treatment. Such animals also showed the greatest
weight gain during the period of injections.

It was difficult to determine unequivocally the manner by which thyroxin
brought about its observed effect, since at least three different interpretations of
the data could be advanced. One is that thyroxin enhanced polyploidization
directly, either by acting as a specific mitogenic agent or by promoting the need
for accelerated liver function. A second interpretation might be that the changes
in the liver were simply the result of the administration of a large dose of a com-
pound that had to be conjugated and metabolized by the liver, or that was toxic

TABLE 1

The distribution of hepatic parenchymal cell types in control and experimental dwarf mice

Body weight Mean percentage distribution of cell types*
Group
Initial | Terminal 2n 2n bi 4n 4n bi 8n
g. g.
Control** 6.1 7.1 81.4 13.1 -39 0.1 0.1
(78.2-83.1)1| (10.5-15.3) | ( 1.7- 5.2) | (0.0-0.2)| (0.0-0.3)
Thyroxin 6.5 10.0 53.4 18.1 24.3 3.0 0.1
(49.0-60.4) | (12.2-23.7) | (21.9-26.1) (1.4-4.8)| (0.0-0.2)
Growth hormone 7.1 10.3 69.0 20.9 8.1 0.9 0.0
(65.4-70.9) | (17.0-23.2) | ( 4.1-10.3) (0.6-1.1)
Thyroxin + 6.2 12.1 31.6 8.6 52.8 4.2 1.6
growth hormone (23.4-37.9) | ( 5.6-10.2) | (45.7-61.7) (3.3-5.7)| (1.0-2.3)

*2n = diploid; 2n bi = diploid binucleate; 4n = tetraploid; 4n bi = tetraploid binucleate;
8n = octaploid. (In all experiments approximately 19, of the cells could not be classified.)
** Three animals per group.
T Range of individual results.
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TaBLE II

The distribution of hepatic parenchymal cell types in control and experimental
hypophysectomized rats

Body weight ) Mean percentage distribution of cell types*
Group
Initial | Terminal 2n 2n bi 4n 4n bi 8n
4 g
Control** 74 82 70.1 24.0 4.8 0.2 0.0
(67.3-74.5)1} (20.6-26.5) | ( 4.1-5.8) | (0.1-0.4)
Thyroxin 71 93 52.3 24.0 22.0 0.7 0.1
(46.6-57.8 | (18.1-26.9) | (19.4-24.6) | (0.1-1.1)} (0.0-0.2)
Growth hormone 74 103 53.2 24.0 20.6 0.8 0.1
(50.7-58.1) | (19.9-29.6) | (17.3-23.6) | (0.1-1.2)| (0.0-0.4)
Thyroxin + 72 123 22.1 9.5 1 61.4 3.9 1.9
growth hormone (19.8-26.3) | ( 6.4-14.7) | (56.0-68.1) | (2.4-6.2)| (1.6-2.1)

* **¥ § Symbols have the same meaning as in Table 1.

to the parenchymal cells in the dosage employed. Finally, it was possible that
thyroxin, in its capacity as a hormone, promoted repair of pituitary acidophiles
which are normally absent in the dwarf mouse (Ortman, 1956), and by so doing
stimulated growth hormone secretion. There is good evidence that thyroxin re-
pairs pituitary acidophile cytology in the thyroidectomized rat (Koneff, Scow,
Simpson, Li and Evans, 1949; Contopoulos, Simpson and Koneff, 1958), and
concomitantly restores growth activity (Eartley and Leblond, 1954; Contopoulos
et al., 1958). Such an effect on the acidophiles could explain the findings of
Carriére (1955) that in the thyroidectomized rat, hepatic nuclei with diameters
of only 6.0 u are found after a considerable post-operative interval, whereas in
normal controls or in thyroidectomized animals treated with growth hormone,
thyroxin, or both, nuclei with diameters of 6.5 and 8.0 u are seen. The probability
that growth hormone secretion is depressed after thyroidectomy could also explain
our own unpublished findings that in animals which had been thyroidectomized
at 24 days of age, the distribution of hepatic parenchymal cell types found at 114
days was that characteristic of 40- to 45-day-old animals. The change, in the
normal animal, in the distribution of cell types with age has been previously
reported (Alfert and Geschwind, 1958).

In order to eliminate the possibility that thyroxin was acting to enhance poly-
ploidization by repairing pituitary function, experiments were conducted in hypo-
physectomized rats. Such animals have a further advantage of being far more
sensitive to thyroxin than is the dwarf mouse, permitting a much smaller dose of
thyroxin to be employed (2 micrograms daily to a rat weighing 75 grams versus
50 micrograms twice weekly to a mouse weighing 6 grams). Thus, any effects
due to conjugation and metabolism by the liver, or to toxicity, are minimized.

The results of these experiments (Table II) reveal that the effect of thyroxin
on the hypophysectomized rat is comparable, at the dose levels chosen, to that
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obtained with growth hormone. In both cases a 25% decrease in the number of
mononucleate diploid cells has occurred, along with a 5-fold increase in the
number of tetraploid cells. As in the case of the dwarf mouse, the greatest effect,
however, was found in those animals receiving both hormones, for in the livers
of such animals the total number of diploid cells was only one-third that found
in the control animals, while the numbers of both tetraploid and octaploid cells
increased markedly. The synergistic effect of the two hormones administered
together is also reflected in the body weight increments of the treated animals.

These experiments therefore indicate that thyroxin (and presumably thyro-
tropic hormone) as well as growth hormone contributes to the hormonal environ-
ment which affects the development of hepatic polyploidy. It should also be noted
that thyroxin alone can be at least as efficient as growth hormone in promoting the
progression of hepatic polyploidy; thus, as we also have demonstrated by the
results of a previous experiment (Geschwind, Alfert and Schooley, 1958), the
suggestion of Leuchtenberger et al. (1954), concerning the supposed essential
role of growth hormone in somatic polyploidy, cannot be maintained.

SUMMARY

1. The effect of thyroxin and of growth hormone on liver polyploidy has been
investigated in the dwarf mouse and in the hypophysectomized rat.

2. Either hormone, acting alone, stimulated polyploidization in these experi-
mental animals; the combination of both hormones synergized to produce an
hepatic cell picture dominated by higher polyploid classes.
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